In two experiments Dutch-English bilinguals were tested with English words varying in their degree of orthographic, phonological, and semantic overlap with Dutch words. Thus, an English word target could be spelled the same as a Dutch word and/or could be a near-homophone of a Dutch word. Whether such form similarity was accompanied with semantic identity (translation equivalence) was also varied. In a progressive demasking task and a visual lexical decision task very similar results were obtained. Both tasks showed facilitatory effects of cross-linguistic orthographic and semantic similarity on response latencies to target words, but inhibitory effects of phonological overlap. A third control experiment involving English lexical decision with monolinguals indicated that these results were not due to specific characteristics of the stimulus material. The results are interpreted within an interactive activation model for monolingual and bilingual word recognition (the Bilingual Interactive Activation model) expanded with a phonological and a semantic component.
Shakespeare (1564 -1616) was aware that words may sound similar in different languages, even when their meanings are very different. In Henry V (act 3, scene 4) he used his wonderful writing skills to turn this observation to his benefit in the following way. Katherina, the French princess who is destined to marry Henry V, is taught English by Alice, her maid. When she has learned a number of words, Katherina asks how to say "pied" and "robe" in English. Alice tells her "foot" and "gown." When Katherina repeats these words with a French accent, they sound like obscene French words. Katherina is shocked and exclaims that these English words sound "mauvais, corruptible, gros, et impudique" ("bad, depraved, rude, and unchaste"). She adds that she would not use these words in the vicinity of French noblemen; but then hesitates before admitting that they are necessary after all-a remark that pleases the audience a great deal.
For researchers investigating word recognition, such similarities of words within and across languages are also interesting because form-similar or form-identical words provide a real challenge to the recognition system. If word recognition involves the retrieval of semantic information on the basis of a word's phonological or orthographic form, word forms that are associated with multiple meanings require the selection of one of these from the different possibilities. For instance, coming across the letter string BAT while reading a text, one has to decide whether that string refers to a kind of stick or to a fluttering mammal. As shown by the introductory example, the same sort of problem arises in the comprehension of spoken language, e.g., when one hears a phonological form like /baet/.
Word forms may also be shared by words of different languages. For instance, in the case of interlingual homographs, words in different languages share the same orthographic form. The English word ANGEL, for example, is spelled just like a Dutch word meaning "sting." Such words are also called false friends, for they look similar but have very different meanings. In addition to their form, words of different languages may share (some of) their meaning(s), i.e., they may be translation equivalents. Those interlingual homographs that not only share their orthographic form but their semantics as well are termed cognates. An example is the word LIP with approximately the same meaning(s) in English and Dutch. To avoid confusion, the term homograph will be restricted in this article to cases of form identity without meaning overlap, thus excluding cognates. The latter term will be used for cases of both form and semantic overlap.
Given this overlap in form and-in the case of cognates-meaning across languages, a study of the recognition of interlingually ambiguous words may reveal how the bilingual lexicon is accessed and organized. For instance, if access to information stored in the bilingual's lexicon is selective with respect to language, only the English reading of a word like ANGEL would be accessed when a Dutch-English bilingual reads this word in an English text. Consequently, the stored knowledge about the Dutch word form would not affect recognition of the English target reading. However, if lexical access is nonselective with respect to language, an effect of the Dutch reading of the word form would be likely to occur.
To address this issue of language-selective versus -nonselective lexical access, many studies in the bilingual domain have investigated the processing of interlingual homographs and cognates in bilinguals (for overviews see Grainger, 1993 , or Keatley, 1992 . Several recent empirical studies support the theoretical position that the bilingual language processing system is basically nonselective in nature, but that it may produce more selective results under particular experimental circumstances dependent on task demands and language intermixing Caramazza & Brones, 1979; Cristoffanini, Kirsner, & Milech, 1986; Dijkstra, Timmermans, & Schriefers, submitted; Dijkstra, Van Jaarsveld, & Ten Brinke, 1998) .
The main factor that has been manipulated in these studies is the relative word frequency of the two readings of the homographs or cognates in the two languages at hand (e.g., Gerard & Scarborough, 1989; De Groot, Delmaar, & Lupker, in press; Dijkstra, Van Jaarsveld, & Ten Brinke, 1998; Dijkstra, Timmermans, & Schriefers, submitted) . Although conflicting results do exist, it has repeatedly been found that interlingual homographs and cognates show large cross-language effects (i.e., faster or slower response times (RTs) relative to nonambiguous controls) when they have a relatively low printed frequency in the target language and a higher frequency in the nontarget language. The largest effects have been obtained for items with a low frequency in the target language and a high frequency in the other language.
THE NEGLECTED ROLE OF PHONOLOGY
Studies focusing on effects of relative frequency in interlingual homograph recognition have paid little attention to another important dimension of the stimulus material that is a likely determinant of cross-language effects: the cross-language similarity of the items in phonology. The amount of phonological overlap present in the cognates and homographs used in experiments varies considerably. Several investigators merely state explicitly that their inter-lingual homographs (e.g., or cognates (e.g., Cristoffanini et al., 1986) differ in their phonology across the bilingual's two languages. In their experiments they make no attempt to systematically control for interlingual homophony, and there is no guarantee that this variable was not confounded with interlingual homography or cognateness or even both. Some of the conflicting evidence on cognates and homographs across studies may be due to such uncontrolled confounding with interlingual homophony.
This neglect is especially noticeable since research in the monolingual domain has shown that phonology plays a considerable role in visual word recognition (see Frost, 1998 , for an overview). Evidence has been obtained from research with masked pseudohomophone priming (e.g., Ferrand & Grainger, 1994; , semantic categorization of homophones (e.g., Van Orden, 1987; Van Orden, Johnston, & Hale, 1988) , letter search in pseudohomophone stimuli (Ziegler & Jacobs, 1995) , and many other paradigms.
There has been little work on the role of phonology in visual word recognition in bilinguals. The few bilingual studies that are available indicate that phonological similarity across languages also plays a role in the bilingual domain. The majority of these studies have involved interlingual pseudohomophones (Brysbaert, Van Dyck, & Van de Poel, 1999; Nas, 1983) and homophonic noncognates or cognates (Doctor & Klein, 1992; Brysbaert et al., 1999; Gollan, Forster, & Frost, 1997; Lam, Perfetti, & Bell, 1991; Tzelgov, Henik, & Leiser, 1990; Tzelgov, Henik, Sneg, & Baruch, 1996) . These studies have addressed two different but related questions: (1) Is performance on a target stimulus influenced by the phonological similarity between that stimulus and a word from the nontarget language? (2) Are nontarget language spelling-to-sound rules automatically applied during target stimulus processing? The present study is mainly concerned with the first question, and we consider past research especially from the perspective of this issue. Nas (1983) asked Dutch-English participants to perform an English lexical decision experiment (Experiment 2) in which half of the nonwords were cross-language pseudohomophones. These were constructed by changing the spelling of a Dutch word in such a way that their orthographic appearance was English, but their pronunciation according to English spelling-to-sound conversion rules was still the same as the original Dutch word. For instance, the pseudohomophone SNAY was derived from the Dutch word SNEE meaning "cut." Clearly, SNAY differs from SNEE in its orthographymoreover, to a Dutch speaker it does not look like Dutch but like English-but according to English spelling-to-sound correspondences SNAY sounds very much like the Dutch word, which is pronounced [snay] . The Dutch-English bilingual participants were slower in rejecting the cross-language pseudohomophones than the regular nonwords (such as PRUSK, which is not homophonic with a Dutch word or an English word) and made more errors on them. This result indicates that internal representations of Dutch words are activated during an English lexical decision task, supporting the hypothesis of language nonselective lexical access. Moreover, access to the internal lexicon of a bilingual seems to proceed at least in part via nonselective phonological mediation.
Further evidence for effects of cross-language phonological similarity in bilingual word recognition was provided by Doctor and Klein (1992) . In their study, English-Afrikaans bilinguals had to decide whether letter strings were words in either of their two languages (generalized lexical decision task). As in a standard (monolingual) lexical decision task, half of the presented letter strings were words and half were nonwords. One quarter of the words were interlingual homophones (e.g., LAKE-LYK), while the remaining items were interlingual homographs (e.g., KIND) and words that were exclusive to one of the two languages. Half of the nonwords were pseudohomophones in English (e.g., GRONE) or in Afrikaans (e.g., FLOEI). With respect to the present investigation, the most interesting result of this study was the inhibitory effect of interlingual homophony. The English-Afrikaans homophones were responded to more slowly and less accurately than the interlingual homographs. In fact, the homophones were responded to at about the same speed and accuracy as the nonwords in the experiment. Doctor and Klein (1992) interpreted these results by assuming that lexical access proceeds in parallel to the English and Afrikaans orthographic lexicons, while phonological representations are activated simultaneously by a language nonselective graphemephoneme translation process. Next, the phonological representation of an interlingual homophone in the bilingual lexicon is found to be associated with two orthographic entries rather than one. This detection of a "mismatch" needs to be resolved, resulting in slower responses to interlingual homophones relative to monolingual control items.
Indirect evidence supporting a role of phonological factors in bilingual processing was obtained in a masked translation priming study by Gollan et al. (1997) . In three experiments, Hebrew-English or English-Hebrew bilinguals made a lexical decision on Hebrew or English target words that were preceded by briefly presented prime words from the same or the other language. Cross-language prime-target pairs consisted of cognate or noncognate translation equivalents or unrelated items. The HebrewEnglish cognate items overlapped in phonological form and meaning, but not in orthographic form because the Hebrew script bears no visual relationship to the Roman script used in English. Relative to noncognate item pairs, enhanced cross-language priming effects were found for the Hebrew-English cognate item pairs when the target words were preceded by primes from the dominant language of the bilingual participants, but not when the primes were from their nondominant language. According to the authors, the presence of such enhanced cross-language effects for cognate items that do not share their orthography is evidence that phonological similarity must play a mediating role in these experiments. The asymmetric nature of the cognate effects obtained with different scripts may be attributed to an overreliance on phonology in reading in the second language.
A number of studies indicate that when bilinguals process target words in one language they apply not only the spelling-to-sound conversion rules of that language but also those of their other language at the same time. Tzelgov et al. (1996) tested Hebrew-English bilinguals in a Stroop color naming task with "cross-script homophones," items that sound like a color word in the target language when pronounced according to the spelling rules of the nontarget language. An example is the English-written letter string "kahol" that sounds like the Hebrew color name for "blue" when pronounced according to English spelling rules. For items like this that were presented in an incongruent color (e.g., "kahol" in red ink), the common Stroop interference effect was found. This result supports the automatic application of sublexical grapheme-to-phoneme conversion rules of the nontarget language to the input letter string during the retrieval of the target language color name for this string. Because these stimuli printed in Roman script cannot be assigned a pronunciation using Hebrew spelling-to-sound correspondences, the data indicate that nontarget language spelling-to-sound correspondence rules cannot be suppressed even when they hinder performance. More direct evidence supporting the parallel application of spelling-to-sound rules of two languages to stimulus input has recently been provided by Brysbaert et al. (1999) . These authors observed an interlingual phonological effect in a masked priming paradigm. DutchFrench bilinguals and French monolinguals identified briefly presented French target items preceded by briefly presented and masked prime words or nonwords. In the first experiment, the primes were French nonwords or Dutch words. French nonword primes belonged to three types. They were pseudohomophones created by changing one letter of the target word (e.g., "fain-FAIM"), nonhomophonic controls with the same letters in common with the target ("faic-FAIM"), or pseudohomophonic nonwords with only one letter in common with the target word ("fint-FAIM"). If the prime was a Dutch word, it was either homophonic to the French target ("paar-PART"), a graphemic con-trol ("paal-PART"), or unrelated to the target ("hoog-PART").
For the French prime-French target stimuli, the bilinguals identified fewer target words than the monolinguals, but the two groups displayed similar orthographic and phonological priming effects for the three types of nonwords. For the Dutch prime-French target stimuli, the effects of orthographic prime-target overlap were also comparable across the two groups of participants. However, with respect to phonological overlap a different pattern emerged for bilinguals and monolinguals. Significant interlingual phonological priming effects were observed for the bilingual but not for the monolingual participants.
In a second experiment, the effects were replicated with Dutch homophonic and graphemic control nonwords as primes. A Dutch homophonic nonword is a sequence of letters that is a word in neither Dutch nor French and that according to Dutch-but not French-pronunciation rules sounds like a French target word. An example is "soer," which in Dutch would be pronounced very similar to the French word SOURD. Even though the bilingual participants were unable to identify the prime stimuli and although they were unaware of the bilingual nature of the task, they appeared to automatically apply the letter-to-sound conversion rules of both their languages.
This short review clearly shows that the bilingual recognition of words from the same or different scripts is affected by cross-language phonological similarity. However, most bilingual studies ascribe a major importance to cross-linguistic orthographic similarity (interlingual homographs) and semantic equivalence (translation equivalents and cognates) but ignore the effects of phonological overlap. Thus, an important goal of study must be to assess the precise contribution of phonological codes to the bilingual word recognition process and to determine their interaction with orthographic and semantic codes.
In this article we attempt to disentangle the effects of the different types of overlap on the word recognition of Dutch-English bilinguals by introducing a number of systematically controlled types of false friends and cognates. In total, we defined six different test-word conditions by orthogonally and bimodally varying semantic, orthographic, and phonological overlap between English and Dutch lexical representations. Three of these conditions involved cognates that were both homographic and homophonic across languages, only homographic, or only homophonic. The other three conditions were similar types of false friends. All test words in the six conditions are given in the Appendix. The resulting test word categories can be referred to by the following abbreviations: SOP, SO, SP, OP, O, and P words. The capitals indicate on which dimension(s) the English test words are similar/identical to Dutch words: "S" stands for similar semantics, "O" for identical orthography, and "P" stands for similar phonology. Thus, the abbreviation "SOP" refers to the homophonic cognates with identical orthographies (e.g., HOTEL-HOTEL), while "P" refers to nonhomographic homophonic false friends (e.g., COW-KOU, meaning COLD in Dutch).
All examples of cognates and homographs have identical orthographic word forms. Whereas in most studies cognates are defined as translation equivalents with completely identical orthographies (e.g., FILM-FILM), some researchers apply deviating definitions. For instance, in the terminology of De Groot and Nas (1991), English-Dutch word pairs like HEIGHT-HOOGTE and POLICE-POLITIE are cognates. The term "semi-cognate," coined by De Bot, Cox, Ralston, Schaufeli, and Weltens (1995) , would probably be more appropriate here, since, apart from the existing sound differences, these Dutch and English translation equivalents obviously differ with respect to their spelling (accordingly, De Groot and Nas define cognates as translation equivalents that are similar in their sound and spelling).
The variation in the definitions of cognates and (to some extent) homographs complicates the comparison of different experimental results. Furthermore, it would seem to be a good research strategy to start investigating identical cognates and identical homographs because it is currently not clear to what extent form dif-ferences may affect competition among lexical candidates. Available experimental and simulation work involving bilingual neighborhood effects by Van Heuven et al. (1998) indicates that even small differences in word form have considerable effects on lexical processing, both in terms of lexical competitor sets and processing time. Form-identical cognates and homographs, however, have identical sets of lexical competitors within and between languages.
The incorporation of the six maximally divergent conditions mentioned above in the experiments allows us to test a number of hypotheses. First, any effects of similarity with a nontarget language word on the recognition of that target word can be taken as evidence against a language-selective access hypothesis. Second, if overlap on all three manipulated dimensions (orthography, phonology, and semantics) exerts a comparable and facilitatory effect on target recognition, the RTs in the different experimental conditions will be ordered as follows, from fast to slow: SOP, SO/SP/OP, O/P, control items. This prediction is based on the assumption that similarity on more dimensions would lead to larger facilitation effects and on the observation that empirical studies have generally found facilitation effects for cognates that are larger than for interlingual homographs (e.g., Dijkstra, Van Jaarsveld, & Ten Brinke, 1998) . The larger effect for cognates would be due to the cross-linguistic semantic overlap, which is absent in interlingual homographs.
We tested these six word conditions on Dutch-English bilinguals in two experiments involving different paradigms. In the first experiment we used the progressive demasking task in which the presentation of a target word is alternated with that of a mask. During this process of alternation, the target presentation time increases while that of the mask decreases. The participant's task is to push a button as soon as the target word is identified. Presentation conditions are adjusted such that the average RT, measured from the onset of the alternation process, falls between 1 and 2 s. Compared to other paradigms (such as lexical decision), progressive demasking reduces the rate of presenting the sensory information to the participant, thus effectively slowing the target identification process. Prior work using progressive demasking and related techniques both monolingually and bilingually has demonstrated the sensitivity of the paradigm to various aspects of lexical processing (Carreiras, Perrea, & Grainger, 1997; Grainger & Segui, 1990; Schreuder & Baayen, 1997; Snodgrass & Mintzer, 1993; Van Heuven et al., 1998) . In the second and third experiment we used the same stimulus material in a standard English lexical decision task, which required the inclusion of nonwords in the stimulus list. The last two experiments only differed in terms of their participants, who were Dutch-English bilinguals in the second experiment and English monolinguals in the third experiment.
EXPERIMENT 1: PROGRESSIVE DEMASKING WITH DUTCH-ENGLISH BILINGUALS

Method
Participants. Forty students of the University of Nijmegen with normal or corrected-to-normal vision participated in the experiment for course credit. All students were native speakers of Dutch who had learned English as a foreign language at school for at least 6 years and used English regularly during their study.
Stimuli. A list of English three-, four-, and five-letter words was extracted from the CELEX database (Baayen, Piepenbrock, & Van Rijn, 1993) . Only nouns and adjectives with a printed-lemma frequency of at least two occurrences per million (o.p.m.) were included. Next, English items were selected that were as similar as possible to Dutch words with respect to their orthography, phonology, and/or semantics. A general selection criterion was that the test words had to be similar to just one, or mainly one, Dutch word. In other words, a test word was allowed to have only one strong Dutch competitor word. For example, BEER was not selected: not only does it have the same orthographic form as the Dutch word BEER, meaning BEAR, it also is written and pronounced very similarly to the Dutch word BIER, meaning BEER. In addition, only words were se-lected that were expected to be known to the intended population of Dutch-English bilingual participants.
For each of the six different conditions (SOP, SO, SP, OP, O, and P) 15 English test words were selected. All test words are given in the Appendix. The SOP, SO, and SP words and their Dutch competitor words were translation equivalents. The OP, O, and P words, however, had different meanings from their Dutch competitors. The orthographic forms of the SOP, SO, OP, and O words were identical to those of their Dutch competitors. The cross-language similarity with respect to orthography of the SP and P words was kept as low as possible. Finally, while the cross-language similarity with respect to phonological overlap was very high for words of the SOP, SP, OP, and P conditions, it was as low as possible for words of the SO and O conditions.
To obtain a measure of the subjective crosslanguage similarity of the test items, we asked 12 participants from the same population to rate the orthographic, phonological, and semantic overlap of each of the 90 English items with their major Dutch competitor word on a scale from 1 (no similarity or overlap) to 7 (perfect similarity or overlap). English items unknown to the participants had to be indicated and received a semantic score of 1 (no perceived overlap). Each partipant saw all test items three times in different blocks. Each block consisted of English-Dutch item pairs in a unique pseudorandomized order with maximally four itempairs from one stimulus condition in a row. The order in which the items were scored on the three dimensions was counterbalanced over participants. The generalizability coefficient (Cronbach's alpha) across raters was 0.98 for the semantic scores on the 90 item-pairs, 0.99 for the orthographic scores, and 0.97 for the phonological scores. The resulting mean scores across participants for all Word Types on all three dimensions are given in Table 1 . As can be seen, the subjective similarity scores confirm that item selection was in correspondence with the criteria distinguishing the different test conditions.
The English test items in the six conditions were on average of the same length (number of letters) and were matched with respect to English word frequency and Dutch competitor word frequency. Each test word was assigned a control word that was matched in English frequency, length and, where possible, consonantvowel structure. Table 1 shows the word frequencies and length of the test and control items in the different conditions. Only English words that deviated considerably in their spellings and pronunciations from any Dutch word were used as controls.
Procedure. Participants were tested individually in a soundproof room. Presentation of the visual stimuli and recording of RTs was controlled by an Apple Macintosh Quadra computer. The experimentation software was devel- Participants received printed English instructions explaining that they had to identify English words that would gradually appear on the computer screen out of a background of visual noise. Participants were instructed to react as soon as they identified an English target word but without making errors.
At the beginning of each trial the words "NEXT WORD" were presented. After the participant pressed a button two small lines appeared, 6.6 mm (15 pixels) above and below the center of the screen. After 1500 ms, the screen was cleared and one of two checkerboard masks was presented at the center of the screen (covering the whole word matrix). One mask consisted of black and white blocks (checkerboard pattern) and the other was the inverse of it (black became white and white became black). The two masks were presented in turn. The mask presented on the first cycle of each trial was changed across participants. In the first cycle the mask appeared for 300 ms and was followed by the target word which was presented for 15 ms at the same position on the screen. Then the other mask was presented, but now for 285 ms, followed again by the target word for 30 ms, and so on. The time that the mask was visible decreased, while the time that the target word was visible increased until the mask presentation time was zero. The progressive demasking cycling process lasted until the participant pushed the response button or after 6 s when the participant did not respond. Immediately after the participants had pressed the button to indicate that they had identified the target word, this word was replaced by a checkerboard backward mask. At the same time, a dialog box appeared with the words "Enter the word." After the participants entered the word that they had identified, the next trial started.
The presentation order of the items was random and different for every participant. The experimental stimuli were presented in one block of 180 trials. Prior to the actual experiment, each participant completed a block of 32 practice trials containing the same types of English words as in the main experiment. The experimental session lasted about 30 min.
Results
The overall error rate was very low: 2.6%. Reaction times that fell outside two standard deviations of both the participant and item mean were considered to be outliers (1.3% of the data). Before running the analyses, both errors and outliers were removed. Finally, we were interested to see if the inhibitory effect of phonological similarity reported above could also be detected at the level of individual items. Using the available subjective similarity scores for all test items (see section "Stimuli" above), we computed the Pearson correlation between the phonological similarity score for each item and its mean RT. The resulting positive correlation, r ϭ .26, was significant at the 5% level. Thus, this analysis supports the earlier analyses with respect to the inhibitory contribution of phonological similarity to the RT. However, this correlation at item level should be interpreted with some caution, given that the amount of variability in the phonological similarity scores was relatively high between test conditions, but relatively low within conditions.
Discussion
Experiment 1 showed significant RT differences between particular types of cognates and interlingual homographs and their matched control words. The pattern of results is clearly not in accordance with a language selective access view because such a view would not predict any of these differences to arise. In this context we also note that the error rates for all test conditions and their matched control conditions either went in the same direction as the RTs or did not differ, the O condition being the only exception.
While the results support a language nonselective access view, they do not conform to a simple view that assumes faster RTs whenever the interlingual overlap in terms of the three codes (orthography, semantics, and phonology) increases. Rather, orthographic and semantic overlap leads to faster RTs, while phonological overlap induces slower RTs.
1
These results help to explain why studies in the past have often observed facilitatory effects for cognates, but not for homographs. If the cognate materials in an experiment contain a mixture of SOP and SO stimuli, according to our study the overall result will still be facilitatory due to the combined facilitation produced by semantic and orthographic overlap. However, a mixture of OP and O interlingual homographs would be expected to induce much smaller facilitation effects relative to monolingual control items.
To obtain cross-experiment generality and to assess the "functional overlap" (Jacobs & Grainger, 1994) of different tasks, we decided to test our stimulus material in a different experimental paradigm. While the Dutch-English bilinguals in the first experiment performed the more recently developed progressive demasking task, the standard visual lexical decision task was used in Experiment 2. This makes Experiment 2 in some aspects comparable to the lexical decision study by Doctor and Klein (1992) who found inhibitory effects of phonological overlap in English-Afrikaans homographs. However, our lexical decision experiment differed from theirs in a number of respects. First, to be able to test exactly the same word stimuli as in Experiment 1, we performed an English lexical decision task without any other-language items rather than the generalized lexical decision task used by Doctor and Klein (1992) . Furthermore, we systematically controlled cross-language phonological overlap for homograph stimuli and introduced the same systematic distinction for cognate items, where there is considerable semantic overlap between the two languages. Finally, in Doctor and Klein's study half of the nonwords were either English or Afrikaans pseudohomophones. Because it is well known from the monolingual word recognition literature that the introduction of pseudohomophones may affect the phonological processing of target words (e.g., Gibbs & Van Orden, 1998), we decided not to include this special type of nonword.
EXPERIMENT 2: LEXICAL DECISION WITH DUTCH-ENGLISH BILINGUALS
Method
Participants. Thirty Dutch students of the University of Nijmegen from the same population as in Experiment 1 took part in the experiment.
Stimuli. The 180 words and control words from the first experiment were used again. Since the lexical decision task also requires the inclusion of nonwords, an equal number of such stimuli were constructed. These were all orthographically regular and pronounceable strings of letters in English. They were derived from English words that were not in the set of experimental words by changing, adding, or deleting one or two letters.
Procedure. Presentation of the visual stimuli and recording of the RTs was controlled by an Apple Macintosh IIcx microcomputer. The same experimentation software and general stimulus presentation conditions were used as in Experiment 1.
Participants received printed English instructions. They were told that letter strings would appear on the screen one after another and that it was their task to decide as quickly and accurately as possible whether the strings were English words. In case of a word they had to press, with their right forefinger, the right-hand button of two buttons in front of them. In case of a nonword they had to press, with their left forefinger, the left-hand button. No left-handed participants participated in the experiment.
Each trial began with two slashes, one slightly above and one slightly below the mid-dle of the screen. The slashes served as a fixation point and stayed on the screen for 800 ms. There was an interstimulus interval of 300 ms prior to the letter string's appearance. Letter strings were presented in the middle of the screen and remained there until the participant responded or until a response limit, set at 1500 ms after stimulus onset, was reached. After the letter string's disappearance, there was an interval of 700 ms before the next trial started.
The presentation order of the test materials was random and different for every participant. The experimental stimuli were presented in three blocks of 120 trials. A pause of about 1 min occurred between two blocks. The next block began as soon as the participant was ready. Prior to the actual experiment, each participant completed a block of 32 practice trials containing the same types of stimuli as the experiment. The experimental session lasted approximately 45 min.
Results
The overall error rate was 9.2%, 12.6% for words and 5.9% for nonwords. Reaction times that fell outside 2 standard deviations of both the participant and item mean were considered to be outliers. In total 1.9% of the data were outliers. Both errors and outliers were removed before running the analysis. Table 3 shows the mean latencies, standard errors, and error percentages for the word target conditions. The mean RT to nonwords was 649 ms.
The same within-participant factors were used as in Finally, we again computed the Pearson correlation between the phonological similarity score for each item and its mean RT. The resulting positive correlation again was r ϭ .26, significant at 5% level. Once more, the analyses at stimulus category level and at item level show a slowing of RTs with increasing crosslanguage phonological similarity.
Discussion
Experiment 2 (lexical decision) replicated the pattern of results obtained in Experiment 1 (progressive demasking) to a large extent. Interlingual orthographic and semantic overlap facilitated lexical decision responses to target words, whereas phonological similarity with a nontarget language word resulted in significantly longer RTs. There was only one condition that produced different results in Experiments 1 and 2: the OP condition, which showed an inhibition effect in Experiment 1 but a null result in Experiment 2. Inspection of Table 2 shows that the mean RT in the OP control condition in Experiment 1 was fast not just with respect to its test condition, but also relative to the other control conditions, with which it was also rather well matched (as can be seen in Table 1 ). We therefore suggest that this OP effect was due to a theoretically uninteresting RT fluctuation in one control condition.
To further assess the similarity in response patterns on the two experiments, we computed a Pearson product-moment correlation coefficient between the two experiments using the 12 means for the latencies in test and control conditions. The observed value of .88 (p Ͻ .001) indicates that the RTs in the progressive demasking task in Experiment 1 can to a large degree be derived from the RTs in the visual lexical decision task of Experiment 2 by adding a constant (of about 1130 ms) reflecting differences in task characteristics. The strong similarity in the data of Experiments 1 and 2 provides additional evidence that there is a large "functional overlap" between the lexical decision and progressive demasking tasks (Jacobs & Grainger, 1994; see Schreuder & Baayen, 1997, and Carreiras, Perea, & Grainger, 1997 , for further demonstrations).
In our English lexical decision task we found interlingual phonological inhibition effects just like Doctor and Klein (1992) did in their generalized English-Afrikaans lexical decision task. We think this is a more convincing demonstration of cross-language phonological influences in bilingual word recognition, since our participants only saw words of one language and did not receive any pseudohomophone stimuli. These aspects of our experimental design make it less likely that the observed phonological inhibition effect is merely strategic in nature.
Before we present a more elaborate account of our interpretation of these results, we note that all comparisons between test and control conditions in Experiments 1 and 2 are betweenitem comparisons. In order to make sure that the similar data patterns obtained in the two experiments were not due to specific characteristics of the items in the various test and control conditions, we decided to replicate Experiment 2 with monolingual English speaking participants. If the test and control items are indeed well matched, the RTs for monolingual participants in the different subconditions should not yield any significant differences.
EXPERIMENT 3: LEXICAL DECISION WITH AMERICAN ENGLISH MONOLINGUALS
Method
Participants. Thirty-one undergraduate and graduate students of the Pennsylvania State University participated in the experiment for course credit. All were native speakers of American English. After the experiment they filled in a questionnaire indicating their experience with foreign languages. Participants were considered to be "bilinguals" if (a) they had more than 5 years of experience with a second language, in particular German, French, or Spanish; or (b) they had learned more than two languages other than English (e.g., in high school). Eleven participants belonged to this category. The remaining 20 participants were considered to be "American English monolinguals" and only their data were analyzed.
Stimuli. The 180 words and control words from Experiment 2 were used in this experiment. Almost all of the 180 nonwords from Experiment 2 were also included, with the exception of 10 nonwords that turned out to be either very low-frequency words in American English (e.g., MULCH, SHALE) or taboo words. These items were replaced by similarly constructed different nonwords.
Procedure. Presentation of the visual stimuli and recording of the RTs was controlled by an Apple Macintosh IIsi microcomputer. The same experimentation software, stimulus presentation conditions, and English instructions were used as in Experiment 2. There was no mention to the participants of the fact that some of the English test words were also Dutch words or sounded like them.
Results
The overall error rate was 7.4%, 5.4% for words and 9.4% for nonwords. Three items were found to have an error rate above 50% (FAY, POX, and WALE). It was decided to exclude these items and their matched counterparts (FAY, POX, WALE, and JURY) from further analysis.
2 Reaction times that fell outside 2 standard deviations of both the participant and item mean were considered to be outliers. In total 1.5% of the remaining data were outliers. Both errors and outliers were removed before running the analyses. Table 4 shows the mean latencies and error scores for the word target conditions. The mean RT to nonwords was 575 ms. The same within-participant factors were used as in Experiments 1 and 2: Condition (SOP, SO, SP, OP, O, and P) and Word Status (Test or Control). An ANOVA run on the latencies of the word targets including these factors showed neither a main effect of Word Status [F(1,19 
Discussion
In Experiment 3, American English monolinguals performed the same lexical decision task involving the same stimulus material as the Dutch-English bilinguals did in Experiment 2. In general, the RTs of the monolinguals were 106 ms faster than those of the bilingual participants in Experiment 2, which is not unexpected given the present participants' higher proficiency in English. Furthermore, the RTs in the 12 test and control conditions all lie very close together within a range of 12 ms around an average of 500 ms. Despite a combination of fast RTs and small standard errors, significant RT differences were observed neither between test and control conditions, nor between the test conditions alone. With only one exception, the test and control conditions did not differ with respect to error rates either. The exception can possibly be explained by some imperfectly matched item characteristic for this specific group of American English bilinguals (e.g., neighborhood density).
To conclude, the data from the monolingual participants in Experiment 3 indicate that the very similar result patterns across Experiments 1 and 2 must be ascribed to the bilinguals' processing of the items in the various test and control conditions.
GENERAL DISCUSSION
In two different experimental paradigms, progressive demasking and lexical decision, Dutch-English bilinguals produced a stable and almost identical pattern of RTs to interlingual homographs, homophones, and cognates that differed from matched control words in terms of their orthographic, semantic, and phonological overlap with words from the nontarget language. While orthographic and semantic overlap were shown to result in facilitatory effects relative to controls, phonological overlap induced inhibition. A control experiment, involving lexical decision by American English monolinguals, showed that this pattern of results cannot be ascribed to differences in the characteristics of the test and control items used. The obtained bilingual results have a number of important theoretical implications, which we discuss in turn.
Language-Selective Versus Nonselective Access
The bilingual data patterns clearly reject a language-selective access hypothesis and in-stead favor a language-nonselective access hypothesis with respect to both form (orthographic and phonological) and meaning (semantic) dimensions. The data indicate that the bilingual processing system is highly interactive because all three types of codes were found to affect the RTs. In an exclusively English task context, Dutch-English bilinguals were affected in their reactions by the similarity of the English targets to Dutch words on all three dimensions.
By distinguishing the orthographic and phonological components of cognates and homographs, this study clarifies those by and by De Groot, Delmaar, and Lupker (in press). In fact, a direct comparison of this experiment to Experiment 1 by is possible because both experiments were conducted using bilingual participants from the same population with almost identical computer hardware and experimentation software. also had DutchEnglish bilinguals perform an English lexical decision task involving interlingual homographs, cognates, and English control words. However, while our study involved a manipulation of the cross-linguistic similarity of the different codes that characterize word items (orthography, phonology, and semantics), manipulated the relative frequency of the readings of interlingual homographs and cognates in English and Dutch. In their experiment, the RTs to Dutch-English homographs were not clearly affected by the word frequency of their Dutch counterparts, in contrast to the cognate items that did show significant facilitation effects compared to exclusively English control words. Table 5 shows the striking similarity in mean RTs for comparable groups of cognates and homographs in the two studies. The statistical pattern of results is also the same across the two studies. In combination, the results indicate that both the relative frequency and the cross-linguistic form and meaning similarity of the items affect RTs. Future research should investigate in which way these two important characteristics of bilingual items interact during the language nonselective lexical access process.
Resolving Conflicting Evidence in the Empirical Literature
In their Experiment 1, obtained null results for interlingual homographs relative to matched control items. The current study clarifies these null effects by distinguishing the contribution of orthographic and phonological information to the lexical decision response. Experiment 2 of our study clearly demonstrates that when phonological overlap is minimized (as in the O condition), facilitatory effects of interlingual homography do arise. However, failing to control for phonological similarity in the homograph stimuli tested will, according to the present results, generate an overall effect on the RT that combines the positive influence of orthographic overlap and the negative influence of phonological overlap (e.g., OP condition). This reasoning also helps to explain why many other previous studies testing interlingual homographs failed to find significant RT differences relative to nonhomographic controls (e.g., De Bot et al., 1995; Dijkstra, Van Jaarsveld, & Ten Brinke, 1998, Experiment 1; Gerard & Scarborough, 1989) . In sum, a significant contribution of the present study is the demonstration of a negative influence of cross-linguistic phonological similarity on word recognition latencies in bilinguals. We obtained further support for this theoretical position by computing the mean degree of phonological overlap presented in the complete set of cognates and homographs in Experiment 1 by . The obtained mean phonological similarity score for cognates was 5.0, while in our SOP and SO conditions it was 4.5. For interlingual homographs, it was 5.1, compared to 4.3 in our OP and O conditions. In other words, many of the cognates used by should be considered, in our terms, strong SOP items while many of their homographs were strong OP items (see Table  1 ). Thus, the null effects for interlingual homographs observed by Dijkstra et al. may reflect the elimination of facilitatory effects due to cross-linguistic orthographic identity by inhibitory effects due to cross-linguistic phonological similarity.
3
Distinct Contributions of Different Codes to Bilingual Word Recognition
The finding that all three information sources (orthographic, semantic, and phonological) contribute to the overall response implies that their effects should theoretically and methodologically be distinguished. This can be nicely illustrated by fitting the following linear regression model to the data for each of the two bilingual experiments in this study. Let us assume that the reaction times in both experiments are determined by a linear combination of a task-specific component (tc) and a contribution of semantic (S), orthographic (O), and phonological (P) sources: RT ϭ tc ϩ S ϩ O ϩ P. The weight of the S, O, and P factors for a particular item category is set at 1 if overlap is present and at 0 if it is absent. Using the six means in the different test conditions and the overall mean of the control conditions, we obtain two linear regression equations with corresponding R 2 correlations. Experiment 1 (progressive demasking) resulted in the equation RT ϭ 1743 (tc) Ϫ 28 (S) Ϫ 27 (O) ϩ 34 (P) and an R 2 of .86; Experiment 2 (bilingual lexical decision) in RT ϭ 613 (tc) Ϫ 21 (S) Ϫ 23 (O) ϩ 21 (P) and an R 2 of .98. In contrast, Experiment 3 (monolingual lexical decision) resulted in the equation RT ϭ 495 (tc) Ϫ 1 (S) ϩ 4 (O) ϩ 6 (P) with an accompanying R 2 of only .25. 4 The striking similarity of the two independent regression equations across the two bilingual experiments (with different groups of participants) testifies to the large functional overlap that must exist between the two paradigms. In other words, the contributions of orthographic, semantic, and phonological information sources to the RTs are relatively task independent and are, at least in these experiments, remarkably similar in absolute size.
Extending the Bilingual Interactive Activation Model of Bilingual Word Recognition
We now consider how the apparently opposite effects of phonology on the one hand, and orthography and semantics on the other, can be interpreted in terms of structural characteristics of the bilingual processing system and/or participant strategies.
Although the English and Dutch word forms of the homographic test words are always completely identical in terms of their orthography, there is almost never a 100% phonological overlap for the homophonic items due to the differences in phoneme repertoire of these languages. According to a straightforward structural interpretation then, orthographically identical cognates and interlingual homographs can be identified faster than matched controls because they share lexical and sublexical orthographic representations across languages. This sharing leads to stronger activation of the orthographic repre-3 Note that, if this account applies, one need not assume (as Dijkstra et al. did) that in their experiment the nontarget language was less activated than the target language due to the composition of the stimulus list. 4 The weight of the S, O, and P factors can also be represented by the means of the obtained subjective similarity score for each word type (see Stimuli section in Experiment 1). Using the six mean similarity scores for the different test conditions and the overall mean similarity score of the control conditions, Experiment 1 resulted in the equation RT ϭ 1746 (tc) Ϫ 5.3 (S) Ϫ 7.2 (O) ϩ 10.1 (P) and an R 2 of .86. For Experiment 2, we obtained the equation RT ϭ 616 (tc) Ϫ 4.2 (S) Ϫ 5.4 (O) ϩ 6.7 (P) and an R 2 of .97. The corresponding equation for Experiment 3 was RT ϭ 495 (tc) Ϫ .36 (S) ϩ .39 (O) ϩ 1.04 (P) with an R 2 of .14.
sentations during recognition and therefore to faster RTs.
In contrast, the phonological inhibition effect arises because two distinct phonological representations are activated in the two languages. Since several phoneme representations differ between English and Dutch, the lexical representations made up by these phonemes are also different. Phonological inhibition now occurs because, after a given letter string activates all compatible phonological codes independent of language (Brysbaert et al., 1999; Nas, 1983) , the activated nonidentical phonological lexical representations may compete at a lexical level (e.g., through lateral inhibition). This competition results in a delayed identification of the item in the target language.
Finally, following De Groot (1992), it may be assumed that the meaning of words is represented in terms of distributed semantic features. The cross-linguistic semantic similarity present in cognate items will then lead to facilitation relative to controls because both readings of a cognate to a large extent activate the same semantic features.
This theoretical interpretation of the present results can easily be integrated into an extended version of the Bilingual Interactive Activation (BIA) model of bilingual visual word recognition that incorporates phonology and semantics Grainger & Dijkstra, 1992; Van Heuven, Dijkstra, & Grainger, 1998 ). This extended model assumes that interlingual homographs have a common whole-word orthographic representation, shown in Fig. 1 , that activates in parallel all corresponding semantic and phonological codes. These two latter types of representations are also connected.
The assumption of one orthographic lexical representation for ambiguous word forms is also made by interactive activation models for word recognition in the monolingual domain (e.g., Gernsbacher & St. John, in press ). Both empirically and theoretically the presented model would therefore seem to account for all findings in the present study in a plausible and elegant way.
However, other data available in the experimental literature are not so easily accounted for within this view. First, in two lexical decision experiments Dijkstra et al. (1998, Experiments 2 and 3) found that the size of the RT differences between interlingual homographs and controls depended on the relative word frequencies of the items in the target and other language. It is hard to see how the two word frequencies of the readings of an interlingual homograph could differentially affect recognition time if both belong to only one lexical representation, as with the model presented in Fig. 1 . Assuming a shared cross-linguistic representation, one might expect that summed word frequency across languages rather than relative frequency would be the most important determinant of the RTs. However, the assumption of a shared lexical representation across languages can be salvaged by considering word frequency not as a characteristic of the lexical representations themselves but of the connections between representations (e.g., letters and words or words and concepts).
Second, if it is the competition between different phonological representations that underlies the present inhibitory effects for incomplete P-overlap, imperfect O-overlap should logically also induce inhibition effects. However, there is evidence that facilitation effects can arise for cognates that are only similar and not identical in their orthographic form, at least in tasks involving word pairs (e.g., De Groot & Nas, 1991; De Groot & Poot, 1997; Dufour & Kroll, 1995; Sanchez-Casas, Davis, & Garcia-Albea, 1992; Van Hell & De Groot, 1998) . It is therefore conceivable that just orthographic similarity or partial overlap in letters (perhaps only in combination with semantic similarity) is enough to induce facilitation effects. For instance, in a dynamic system both similarity and identity in orthographic form (and/or meaning) might allow a faster "zooming in" on the correct target word than in case of a control word.
Third, Dijkstra et al. (1998, Experiment 2) and Dijkstra, Timmermans, and Schriefers (submitted) showed that under some circumstances orthographically identical interlingual homographs may be inhibited rather than facilitated (e.g., when words from a nontarget language are included in the experiment that have to be treated as nonwords or must be ignored). Under the assumption of shared orthographic representations for interlingual homographs, such inhibition effects can only originate from external sources (for instance, all items belonging to a particular language, including the homographs, might be inhibited by a language node). In other words, the observed orthographic inhibition effects could be strategic and/or task dependent. But if this is true, the inhibitory P-effects in our experiments could also be strategic in nature. For instance, they could reflect the participants' attempt to suppress phonological activation arising in their integrated lexicon because in the context of the experiment as a whole, phonology is perhaps not a reliable information source and should be avoided. This suppression would then show up as inhibition in the test conditions where phonological overlap is present (SOP, OP, SP, and P).
In sum, we must keep in mind that observed facilitation and inhibition effects are not necessarily a direct reflection of underlying characteristics of the bilingual processing system, but may indicate how this system is used under specific experimental circumstances Green, 1998) . These considerations suggest that we should not dismiss an extension of the BIA model that assumes two orthographic representations, one for each language. The orthographic component of this alternative variant is depicted in Fig. 2 .
In Fig. 2 , form-identical cognates and interlingual homographs have their own whole-word orthographic representation for each language. In other words, they are represented in the same way as items that are similar but not identical in form across languages, such as WORK-WERK (nonidentical cognates) or WORK-WORP (word neighbors). In addition, each representation is characterized by its word frequency in the language it belongs to. With respect to semantics and phonology, the model in Fig. 2 provides similar accounts to the model presented in Fig. 1 . However, with respect to orthography, the interpretation of the facilitation effect is rather different.
The model in Fig. 2 proposes an integration of codes at sublexical levels (e.g., in terms of the letters), but not at the lexical level. Here orthographic units are distinct for different languages in order to stress the different functionality of such codes. For instance, the orthographic representa-tion of a word in a language is characterized by the frequency of the word in that particular language. The model in Fig. 2 can still explain the orthographic facilitation effect as the result of mediated facilitation at sublexical levels (via their shared letters the two orthographic representations of an interlingual homograph strengthen each other) or as a consequence of stronger evidence that a lexical representation is available in case of a homograph relative to a control (two representations rather than one).
Thus, while the model presented in Fig. 1 can account in a simple way for the the interaction of different codes observed in the present experiments, the model in Fig. 2 can most easily account for the frequency data by Dijkstra, Van Jaarsveld, and Ten Brinke (1998) , De Groot, Delmaar, and Lupker (in press), and Dijkstra, Timmermans, and Schriefers (submitted).
5 Comparing these and other models by means of simulation studies or testing them in empirical studies will be important aims for future research.
It is too early to tell which model will finally survive these tests, but the present data set important constraints on its architecture: The model will need to be nonselective in nature, and it will make clear distinctions between the sometimes opposite contributions of phonological, orthographic, and semantic codes to the bilingual word recognition process.
APPENDIX
Stimulus Material
For each word type, the English target items are presented with their IPA representation, their major Dutch competitors with their IPA representations, and the targets' paired English control items. 
